In a previous study, we reported that protein intake at the level of dietary protein allowance for Japanese adults, i.e. 1.08g/kg per day, was enough for recommended daily exercise. However, whether or not recommended daily exercise increases the protein requirement for young adults has not been examined. In this study, we investigated the effect of recommended daily exercise on the protein requirement under an isoenergetic state by a nitrogen balance method. After an adaptation period of 3 days, 12 healthy college students exercised for 10 days with a non-exercise control period of 10 days before or after the exercise period. They were given a maintenance level of energy and 0.64g/kg per day of high-quality mixed proteins, estimated as the average protein requirement for adults by the Ministry of Health and Welfare of Japan, throughout the experimental period. They performed treadmill running during the exercise period at about 65% of V02 max for 25 or 40min/d, which expended 200 or 300 kcal of extra energy, respectively. Although the exercise increased the dermal nitrogen loss, a compensatory decrease in urinary nitrogen excretion was observed. Consequently, the exercises (200 and 300 kcal/d) did not significantly affect the nitrogen balance. These findings indicate that the recommended amount of daily exercise does not change the protein requirement. Key Words recommended daily exercise, protein requirement, dermal nitrogen loss, nitrogen balance Recently, the average energy expenditure of Japanese adults is decreasing. This is mainly due to a decrease in daily physical activity. 
Y KIDO
et al physical exercise in the amount of 100-300 kcal/day depending on their activity levels (1) . There are reports suggesting that physical exercise affects the protein metabolism and increases the protein requirement (2, 3) . The Ministry of Health and Welfare has suggested that 10-15% of the extra energy needed for exercise should be supplied with dietary protein (1) . Several investigators studied the effect of physical exercise on the protein requirement (3) (4) (5) . However, experimental conditions , such as type, intensity and duration of physical exercise and nutrient intake including total energy and protein varied among the reports. It has been shown that the nitrogen balance especially during exercise is strongly affected by the dermal nitrogen loss that is influenced by protein intake (6) , exercise level (7) and ambient temperature (8) . Therefore, in order to correctly assess the protein requirement by the nitrogen balance method , dermal nitrogen loss should be directly measured under careful control of energy and nutrient intake.
We have already shown that the protein allowance of 1.08g/kg per day re commended by the Ministry of Health and Welfare of Japan is sufficient for young adults performing additional daily exercise ranging from 200 to 400 kcal (9) . In this study, we examined whether the recommended amount of daily exercise increases the protein requirement and has adverse effects when dietary protein is reduced to the average protein requirement level of 0.64g/kg per day in young healthy adults.
METHODS
Subjects. Twelve healthy male college students (aged 19 to 25 years) vol unteered for the study (Table 1) . Their averages of height and body weight were 168cm (ranging 165 to 176cm) and 59kg (ranging 54 to 69kg), respectively . These values are comparable to the average for young Japanese men (1) .
This study was approved by the Committee of Bioethics, School of Medicine , The University of Tokushima. Subjects understood the purpose and the protocol of the study and gave written consent to participate in this study. Subjects stayed at the metabolic ward of our laboratory throughout the 23-day experimental period. Exercise. Subjects performed two different levels of exercise; 200 kcal/day (group 1) and 300 kcal/day (group 2). Each group consisted of 6 male students. The experimental period lasted 23 days. After a 3-day adaptation period, half of the subjects exercised for the first 10 days (exercise period), and did not exercise for the second 10 days (non-exercise period), and vice versa for the other half. During the exercise period, subjects performed treadmill running once a day starting at 05:00 pm. The maximum oxygen uptake (VO2 max) was estimated by the breath-by-breath method (MMC4400tc, Sensor Medics, USA) on the day before starting the experiment (Table 1) . Running speed was individually adjusted to carry out the recommended amount of daily exercise (intensity, about 65% of VO2 max; speed, 120 to 150m/min). Groups 1 and 2 expended 200 and 300 kcal/d of extra energy when performing treadmill running, respectively. As previously described (9), the energy requirement was usually decreased by adaptation to the exercise. Therefore, treadmill running time was adjusted for each subject to carry out the exercise at a fixed level of energy expenditure. Average running time was 25 and 40min/day for groups 1 and 2, respectively.
Diet. The protein intake was 0.64g/kg per day, which is the average protein requirement of high-quality protein estimated by the Ministry of Health and Welfare of Japan (1). Energy intake was carefully adjusted to maintain the body weight of each individual, and average energy intake during the non-exercise period was 46 kcal/kg per day. Additional energy of 200 or 300 kcal/d, consumed during exercise, was supplied by increasing the amount of dextrin and salad oil.
The ingredients of the experimental diets were essentially the same as previously described (9) . We made a diet using common foodstuffs. Whole egg, skim milk, rice, bread, and canned tuna fish were used as the high-quality mixed protein sources. Dextrin, shortening and salad oil were used as the main energy sources. The dietary fat percent was 25%. The ratio of polyunsaturated fatty acids to saturated fatty acids was 1.0, and the ratio of n-3 to n-6 fatty acids was 0.2. Subjects ingested sufficient amounts of vitamins and minerals. They completely consumed the ex perimental diets throughout the 23-day experimental period.
Samplings and measurements. Daily energy expenditure was measured using a calorie counter (Suzuken, Japan) to monitor the physical activity of each in dividual. Body weight was measured every day at 07:00 after urination. Urine was collected daily for 24h throughout the 23-day experimental period. Feces were separately pooled during non-exercise and exercise periods. Dermal nitrogen loss was measured during the last 3 days of each study period, as previously described (9) . Nitrogen contents in the urine, feces, and integuments were determined by a modified micro-Kjeldahl method (9) .
On the first and last days of the exercise and non-exercise periods, fasting blood was drawn from the antecubital vein in the morning. The concentrations of plasma albumin, triglyceride, total cholesterol and high-density lipoprotein (HDL) cholesterol, pyruvic acid, lactic acid, free fatty acid and glucose were measured, as concentrations of GSH or GSSG, blood TBARS levels or activities of SOD and GPX in peripheral blood, indicating that no adverse effect due to enhanced oxi dative stress occurred during the exercise period.
DISCUSSION
The protein allowance recommended for adults by the Ministry of Health and Welfare of Japan is 1.08g/kg per day, and the average protein requirement of high-quality mixed proteins for adults is 0.64g/kg per day (1) . We already demonstrated that 1.08g protein/kg per day was sufficient for young adults per forming the recommended amount of daily exercise in Japan (9). However, some investigators proposed that physical exercise increases protein requirements (11, 12) . There is still no conclusive evidence suggesting that muscular work results in an increased protein need. In this study, we examined whether the protein requirement for sedentary young adults was increased by performing the recommended daily exercise. For this purpose, protein intake was set at 0.64g/kg per day, and the nitrogen balance was measured with particular consideration of the correlation between dermal nitrogen losses and urinary nitrogen excretions.
The dermal nitrogen losses were affected by ambient temperature (8 Table 4 , the concentration of plasma albumin was significantly increased by a single bout of exercise. This may be due to hemoconcentration by dehydration during exercise. There was, however, no significant increase in lactate concentra tion even immediately after a bout of exercise. After the 10-day exercise in both groups, there were no changes in the concentrations of plasma glucose, free fatty acid, pyruvic acid or lactic acid (Table 5) .
There is a possibility that protein deficiency accelerates oxygen radical-induced tissue damage by lowering antioxidant defenses (16) (17) (18) . We examined the effect of recommended daily exercise on the oxidative stress by measuring the amounts of TBARS, GSH and GSSG and the activities of GPX and SOD in the blood. As shown in Tables 4 and 5 , there were no changes in the above-mentioned parameters not only immediately after a bout of moderate exercise, but also after the 10-day exercise in all groups of subjects. Even at the protein intake of 0.64g/kg per day, no significant increase in blood lipid peroxides was observed, again suggesting no oxygen radical-dependent tissue damage.
In conclusion, this study demonstrated that the additional daily exercise recommended by the Ministry of Health and Welfare of Japan for health promotion does not increase the protein requirement in sedentary young men as assessed by nitrogen balance.
